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@ A collision detector for a vehicle. 



<g> 



A collision detector (12) for a vehicle (10)» shown in Figure 1, comprises a waveguide (14) which is 
locatable on and acoustically isolated from the vehicle. The waveguide allows stress waves to propagate 
therethrough, and the waveguide is arranged to produce stress wave activity when the waveguide is 
deformed due to a collision. A pair of transducers (20A,20B) are acoustically coupled to the waveguide 
(14) and the transducers (20A,20B) convert any stress waves into electrical signals. A processor (24) 
analyses the electrical signals and gives an output signal to indicate the occun-ence of a collision. The 
transducers (20A,20B) detect different frequency bands and the processor (24) compares the electrical 
signals and indicates the occurrence of a crash if the ratio or difference is greater than a predetennined 
value. The waveguide is a metallic member which has a glass coating (16) and a protective coating (18). 
Alternatively the waveguide (34) may be a fibre reinforced plastic, tin. or a metallic member which has an 
interface with a semi-rigid plastic member. 
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A COLLISION DETECTOR FOR A VEHICLE 



The present invention relates to collision detec- 
tors for vehicles. 

Vehicles are frequently involved in collisions with 
other vehicles or with stationary objects, and passen- 
gers travelling in these vehicles are frequently injured 
or killed in these coIUslons. 

One known device to I inn it the effects of a collision 
on a passenger Is a seat belt, which passes around 
the waist and shoulder of a passenger to hold the 
passenger in the vehicle seat. 

A further known device to limit the effects of a col- 
lision on a passenger is a gas bag, which is inflated 
when a collision Is detected to prevent the passenger 
moving from the vehicle seat. 

The gas bag passenger restraint requires a sen- 
sor to detect the occurrence of a collision of the ve- 
hicle, and the sensor provides an output to initiate the 
inflation of the gas bag. The gas bag is required only 
to inflate for collisions at the front of the vehicle. The 
sensor must only detect collisions at the front of the 
vehicle, must be reliable, must not give false indi- 
cations of collisions and must initiate the inflation of 
the gas bag within a predetermined time after the start 
of the collision. 

Directionally sensitive accelerometer type sen- 
sors are presently used which sense the deceleration 
of the vehicle due to a collision. When a predeter- 
mined deceleration is detected the sensor initiates inf- 
lation of the gas bag. 

A problem with this approach .is encountered 
when the front most parts of the vehicle are of low stiff- 
ness or strength. In such cases there is a problem in 
detecting the deceleration of the vehicle until the stif- 
fer and stronger engine parts of the vehicle are Impac- 
ted. When this occurs the deceleration may be 
sufficiently severe as to aliow insufficient time for the 
gas bag to be inflated. If the collision is with a relatively 
small object, there is only a local effect in the initial 
stages of the collision and deceleration is dlfTicult to 
detect 

The present invention seeks to provide a novel 
collision detector. 

Accordingly the present invention provides a col- 
lision detector for a vehicle comprising a waveguide 
locatable on and acoustically isolated from a vehicle, 
the waveguide allowing the propagation of stress 
waves therethrough, the waveguide being arranged 
such that stress wave activity is produced therein due 
to the deformation of the waveguide in a collision, at 
least one transducer being acoustically coupled to the 
waveguide to detect any such stress waves propagat- 
ing in the waveguide and to produce an electrical sig- 
nal corresponding with such stress waves, a 
processor arranged to analyse said electrical signal to 
give an output signal to indicate the occurrence of a 



collision. 

The waveguide may comprise a metallic member. 
The waveguide may alternatively comprise a fibre 
5 reinforced member. 

The metallic member may be coated with a brittle 
material. 

The metallic member may only be coated with a 
brittle material at a region where a collision is to be 
10 detected. 

The brittle material may be glass, vitreous enamel 
or a ceramic. 

The glass may be protected by a second coating. 
The metallic member may be tin. 
15 The waveguide may be plastically deformable. 

The metallic member may have an interface with 
a semi-rigid plastic member. 

The processor may be arranged to compare the 
electrical signals from the at least one transducer at 
20 different frequency bands. 

The at least one transducer may be a nan-ow 
bandwidth transducer. 

There may be two or more transducers, the two 
or more transducers may have different frequency 
25 bands. 

The. processor may be anranged to operate a 
vaive which controls the inflation of a fluid bag. 

The present invention will be more fully described 
by way of example with reference to the accompany- 
so ing drawings, in which:- 

Figure 1 is a diagrammatical representation of a 
vehicle with a collision detector according to the pre- 
sent invention. 

Figure 2 is a diagrammatical representation of the 
35 collision detector shown In Figure 1. 

Figure 3 is an altemative diagrammatical repre- 
sentation of the collision detector shown in Figure 1. 

A collision detector 12 for a vehicle 10 is shown 
in Figures 1 and 2. The collision detector 12 com- 
40 prises a waveguide 14 which is located on the vehicle 
body. The waveguide 14 is suitably shaped to follow 
the contours of the vehicle body, and the waveguide 
may be a single member or may have a number of 
parts which are joined by mechanical joints, welded 
45 joints or other suitable joints to allow assembly, ins- 
tallation and removal. The prime requirement for the 
waveguide 14 is that it allows the propagation of high 
frequency stress waves therethrough without exces- 
sive attenuation. The frequency range of particular 
50 interest is 40KHz to 1 MHz. 

The waveguide 14 is specially constructed such 
that when it is subjected to significant defonmation, 
e.g. bending, it activates the generatton of broadband 
stress wave activity whose frequency content extends 
55 well above the audio frequency range into the range 
of particular Interest, already mentioned. It is import- 
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ant that multiple source processes to generate the 
stress waves are able to be activated, the relative 
number is dependent upon the extent of deformation 
of the waveguide. The presence of a genuine collision 
is confirmed by the continuation of stress wave 5 
activity during the initial stages of the collision. The 
waveguide 14 is a metallic member which has a glass 
coating 16. The deformations of the metallic member 
results in cradcing of the glass coating 16. and each 
individual crack in the glass coating 16 generates a io 
stress wave pulse which propagates in the waveguide 
14. The glass coating 16 is additionally protected by 
a second coating, e.g. a sleeve or tube, to prevent 
inadvertent deformation and spurious stress wave 
activity. is 

Although a glass coating has been applied to the 
metallic member other brittle materials, e.g. vitreous 
enamel or a ceramic may be used to coat the metallic 
member. 

One or more transducers are acoustically coup- 20 
led to the waveguide 14, in this example two transduc- 
ers 20A and 20B are located at different positions on 
the waveguide. The transducers 20A and 20B detect 
the stress wave activity propagating in or along the 
waveguide. The transducers 20A and 20B convert the 25 
stress wave activity Into electrical signals, and the 
electrical signals are amplified by amplifiers 22A and 
228 respectively. 

A processor 24 analyses the electrical signals to 
confirm the continued stress wave activity at or above 30 
a predetermined value during the initial stages of the 
collision when the waveguide is being deformed. 

In Figure 2 the transducers 20A and 208 have 
narrow bandwidths, and the transducers 20A and 208 
have different frequency bands. The processor 24 35 
compares the electrical signals from the transducers 
20A and 20B. If the difference or ratio is above a pre- 
determined value the processor determines that a col- 
lision has occurred. 

If a collision is detected by the collision detector 40 
12. the processor 24 sends an operating signal to a 
valve 26, so that the valve 26 allows fluid to be sup- 
plied from a supply of fluid 1 8 to a fluid bag 30 to cause 
the fluid bag to be inflated to restrain movement of at 
least one passenger. 45 

It is to be noted that the waveguide is located on 
the vehicle, by positioning, mounting or enclosing 
such that spurious sources of high frequency stress 
wave activity which could be mistaken for a collision 
indication are not produced. The waveguide is thus so 
located on the vehicle so that It is acoustically isolated 
from the vehicle, this prevents any stress wave 
activity generated in the vehicle structure being trans- 
mitted into or along the waveguide. 

The glass coated metallic member could be ss 
arranged so that the metallic member is only coated 
with glass at the regions of interest for crash detec- 
tion. Thus the region of metallic member waveguide 



which is to be located at the front of the vehicle is 
coated with glass, but the remainder of the waveguide 
is not 

Alternately in Figure 2 the transducers 20A and 
20B may have broad bandwidths, and the amplifters 
22A and 228 may incorporate filters to select a fre- 
quency band, or to select two different frequency 
bands, of interest. 

A collision detector 32, in Figure 3, comprises a 
waveguide 34 which Is locatable on the vehicle shown 
in Figure 1. The waveguide 34 is a fibre reinforced 
member in which the fibres transmit the stress wave 
signals to a transducer 36 and the stress waves are 
produced in the waveguide by the acoustic emission 
phenomena when defonmed. The transducer 34 
detects the stress wave activity propagating in or 
along the waveguide. The transducer 36 converts the 
stress wave activity into electrical signals, and the 
electrical signals are amplified by an amplifier 38. 
which may incorporate filters, 

A processor 40 analyses the electrical signals to 
confinn the continued stress wave activity at or above 
a predetermined value during the initial stages of the 
collision when the waveguide is being deformed. 

The processor 40 sends an operating signal to a 
valve 26 to allow the flow of fluid from a supply of fluid 
28 to a fluid bag 30. as in Figure 2. 

As a further alternative the processor may make 
the decision to send an operating signal to the valve 
26 in conjunction with information from other confir- 
matory sensors e.g. accelerorrteters. 

Alternatively the waveguide is fonmed from a ma- 
terial which is plastically deformable by a twinning 
process, e.g. tin, and thereby gives rise to stress wave 
activity by the acoustic emission phenomena when 
deformed. 

A further alternative waveguide comprises a 
metal member and a semi-rigid plastic material. 
Deformation of the waveguide causes friction and 
damage at the interface between the metal and plastic 
which gives rise to stress wave activity by the acoustic 
emission phenomena. 

It is also possible to use wide bandwidth trans- 
ducers and the processor is arranged to analyse the 
frequency content of the detected stress waves using 
a fast fourier transform. 

The processors may analyse the amplitude of the 
stress waves, the RMS value of the stress waves, the 
intensity of the stress waves or any other suitable 
measure of the stress wave activity. 

The use of a waveguide comprising a metallic 
member having a brittle coating, a waveguide com- 
prising a fibre reinforced member, a waveguide conn- 
prising a metal member and a semi-rigid plastic 
member or a waveguide comprising a material plasti- 
cally deformable by the twinning process all produce 
distinct and high amplitude stress wave activity and 
thus the electrical signals produced by the b^nsducer 
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have high signal to noise ratios to enable easier pro- 
cessing. 

Claims 

1. A collision detector (12) for a vehicle (10) conv 
prising a waveguide (14) iocatable on a vehicle 
(10). the waveguide (14) allowing the propagation 
of stress waves therethrough, at least one trans- 
ducer (20A,20B) acoustically coupled to the 
waveguide (14) to detect any such istress waves 
propagating in the waveguide (14) and to produce 
an electrical signal corresponding with such 
stress waves, a processor (24) arranged to anal- 
yse said electrical signal to give an output signal 
to indicate the occurrence of a collision, charac- 
terised in that the waveguide (14) is acoustically 
isolated from the vehicle (1 0). the waveguide (14) 
is arranged such that stress wave activity is pro- 
duced therein due to defomrtation of the 
waveguide (14) in a collision. 



electrical signals from the at least one transducer 
{20A,20B) at different frequency bands. 

1 1. A collision detector as claimed in claim 1 in which 
5 there are two or more transducers (20A,20B). 

12. A collision detector as claimed in claim 11 in 
which the two or more transducers (20A,20B) 
have different frequency bands. 

10 

13. A collision detector as claimed in claim 1 in which 
the at least one transducer (20A»20B) is a narrow 
bandwidth transducer. 

15 14. A collision detector as claimed in claim 1 in which 
the processor (24) is anranged to operate a valve 
(26) which controls the inflation of afluid bag (30). 
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A collision detector as claimed in claim 1 in which 
the waveguide (14) comprises a metallic member 2S 
(14), the metallic member (14) is coated with a 
brittle material (16). 

A collision detector as claimed in claim 1 in which 

the waveguide (14) comprises a fibre reinforced 30 

member. 



4. A collision detector as claimed in claim 2 in which 
the metallic member (14) Is only coated with the 
brittle material (16) at a region where a collision 35 
is to be detected. 

5. A collision detector as claimed in claim 2 in which 
the brittle material (16) is protected by a second 
coating (18). 4o 

6. A collision detector as claimed in claim 2 wherein 
the brittle material (16) is glass, vitreous enamel 
or a ceramic. 

45 

7. A collision detector as claimed in claim 1 in which 
the waveguide (14) comprises tin. 

8. A collision detector as claimed in claim 1 in which 

the waveguide (14) is plastically deformable. 5o 

9. A collision detector as claimed in claim 1 in which 
the waveguide (14) comprises a metallic member 
which has an interface with a semi-rigid plastic 
member. * 55 



10. Acoliision detector as claimed in claim 1 in which 
the processor (24) is arranged to compare the 
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